Parkinson's disease with dementia (PDD) and dementia with Lewy bodies (DLB) are common causes of dementia with overlapping pathological features of alpha-synuclein staining sub-cortical and cortical Lewy bodies, and co-existent Alzheimer disease (AD) pathology in some cases (Table 1) .
be well established before the diagnosis of dementia, but at a minimum should precede the diagnosis by at least one year to avoid overlap with DLB; in general, parkinsonism will precede dementia for a longer period. Definitions of PDD should recognize that while memory may be impaired, non-amnestic features can be prominently affected (e.g., impaired attention/fluctuations, executive function/working memory, verbal fluency, visuospatial function). Behavioral symptoms such as apathy, depression, psychosis and personality change may also be prominent. Currently it is recommended that DSM-IV criteria be used, but that non-memory domains be given equal weighting to memory. It is likely that subtypes of PDD exist (amnestic, dysexecutive, mixed, DLB-like) but require validation. As is the case for other dementias, potential target domains for clinical trials include progression to dementia (e.g., conversion rate), cognitive dysfunction (especially executive dysfunction), behavioral and psychiatric problems (e.g., depression and psychosis), functional status (e.g., Activities of daily living (ADLs) and instrumental activities of daily living (IADLs)), global impairment and quality of life, among other domains (Table 2 ). In addition to symptomatic therapies, disease modifying treatments are likely to be developed in the future. Motor symptoms of parkinsonism represent an added dimension that requires specific investigation and monitoring in clinical trials, 6 as do sleep disorders, which are also common in synucleinopathies. 7 Practice parameters for assessment and management of behavioral problems in PD have been put forward. 8 
NEUROPSYCHOLOGICAL FEATURES
Both PDD and DLB patients can exhibit greater executive dysfunction and cognitive slowing with less severe episodic memory impairment than AD, [9] [10] [11] [12] making existing paradigms and criteria that emphasize memory as a primary criterion for dementia imperfect. Visuospatial deficits are prominent in DLB 13 whereas semantic memory may be equally affected in DLB and AD.
14 Whether a group of patients with mild cognitive impairment (e.g., amnestic, executive, multi-domain), without functional impairment, can be defined by analogy to the elderly who progress to Alzheimer disease remains to be established. 15 Studies that target specific subgroups or target symptoms may be relevant. Treatment response in various cognitive domains may differ.
Dementia with Lewy Bodies is characterized by fluctuating attention and visuo-spatial impairment. The few studies which directly compare PDD and DLB with respect to cognitive profile mostly show overlap. 10, [16] [17] [18] Patients with REM sleep behavior disorder also show this cognitive profile, and these patients can evolve into DLB. 19, 20 The development of criteria for PDD and advancement of our understanding of the overlap between PDD and DLB will improve our ability to conduct clinical trials in these disorders. There is hope that neuro-psychological measures or biomarkers may allow the separation of subjects with coexistent Alzheimer pathology, who are less likely to meet criteria for DLB, 21 and might respond differently to medications.
Although the recent practice parameters indicate that the Mini-Mental State Examination (MMSE) and the Cambridge Cognitive Examination may be useful for screening for dementia in PD, 8 assessment instruments incorporate executive function (Delis-Kaplan Executive Function System (DKEFS), 22 Repeatable Battery for Assessment of Neuro-psychological Status, 23 Dementia Rating Scale, 24 Wechsler Adult Intelligence Scale -Revised Neuropsychological Instrument, 25 Scales for Outcomes of Parkinson's disease-cognition 26) would be logical cognitive outcome measures in studies of PDD and DLB if they can be shown to be responsive to treatment. Specific tests or instruments that target assessment of executive function might be used if that is a target group of symptoms. 27 Measurement of attention is another critical factor, given that it is part of the core criteria for DLB, and is evident in PDD. Computerized cognitive batteries that have been used in clinical trials of DLB and PDD, THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES S110 28 Similar tests of reaction time have been used to discriminate demented from non-demented PD patients. 29 Several valid questionnairebased approaches to measuring fluctuations should be considered for use in trials of PDD and DLB. 30, 31 
NON-COGNITIVE TARGETS
Functional status (the ability to carry out daily activities) is an important outcome, reflecting caregiver burden. It is determined by cognitive, motor and behavioral features. Scales that reflect executive dysfunction would ideally be used in clinical trials. The Disability Assessment in Dementia scale is one such instrument. 32 In addition to executive function, apathy and parkinsonism also contribute to functional impairment. In applying ADL instruments it is important to distinguish between ADLs that are not performed due to cognitive or behavioral difficulties from those that are not performed because of physical problems (since each necessitate different treatment approaches). In practice, caregivers are asked to judge if the patient can't perform a task because of cognitive problems as opposed to physical impairment; however, such judgments remain imperfect. In the published trial of rivastigmine in PDD the Alzheimer Disease Co-operative Studies Unit -ADL instrument was used in parallel with measures of cognition, behavior and motor function. 33, 34 Clearly, further study of the relationship of ADLs to other domains affected in dementia is important.
Behavioral symptoms are overlapping between DLB and PDD. 35 Psychiatric symptoms including psychosis (hallucinations and delusions), depression and anxiety can be distressing to patients and family members. 36 Depression and apathy are distinct phenomena that can confound and contribute to cognitive dysfunction. [37] [38] [39] [40] Behavioral problems such as agitation are difficult to manage and can trigger nursing home placement. The Neuropychiatric Inventory (NPI) 41 has been used to measure behavior problems in DLB 42 and has been sensitive to change in clinical trials of patients with dementia. 43 Specific measures with a wider range of responses should be included in trials in which specific target symptoms are relevant; however, most scales have not been validated in DLB or PDD. 8 This may necessitate using scales that have been used in other dementias, such as the Cornell Depression Rating Scale, 44 or the development of new instruments for specific target symptoms. 45 
NEUROCHEMICAL BASIS FOR TREATMENT
Although the prominent pathologic change in PDD and DLB is alpha-synuclein positive Lewy bodies, there is a suggestion that amyloid, tau and synuclein pathology may be synergistic, raising the possibility that treatments aimed at affecting these abnormal proteins in one disease may be helpful in others. 46 Dopaminergic, cholinergic, noradrenergic, serotonergic and glutaminergic systems may all be affected in Lewy body-related dementias. 47 The impact of dopaminergic therapy on cognition in these disorders is not yet well established. Open-label, small placebo-controlled studies but few large scale studies have examined cholinesterase inhibitors in PDD and DLB. Rivastigmine, a cholinesterase inhibitor was effective in single large placebo-controlled trials in DLB and in PDD. 34, 43 
BIOMARKERS
There are no established biomarkers in Lewy body disorders with dementia. Volumetric magnetic resonance brain imaging studies have shown atrophy for both PDD and DLB, generally to a lesser degree than in AD, in medial temporal, frontal, occipital, and parietal lobes as well as in sub-cortical structures. [48] [49] [50] [51] [52] [53] Progressive brain atrophy has been reported. 54 Magnetic resonance spectroscopy has shown decreased Nacetylaspartate/creatine (NAA/Cr) and normal myolnositol/ creatine (mI/Cr) (in contrast to AD) in Parkinson's disease. [55] [56] [57] Blood flow (SPECT) and metabolic (PET) studies have shown cerebral dysfunction in Lewy body dementias. 58, 59 Findings examining dopaminergic terminals using PET and SPECT show decreased striatal binding, distinct from AD. [60] [61] [62] [63] Cholinergic changes have been shown in PDD and DLB using PET. 64 Cerebrospinal fluid changes in DLB may be distinct from those in AD. 65 As with the neuropsychological studies, there are few direct comparisons between PDD and DLB, but imaging and cerebrospinal fluid biomarkers may hold promise for future clinical trials for defining patient groups, and potentially for tracking the course of disease. Currently no method has been validated for longitudinal assessment in PDD and DLB as a surrogate marker; however, dopamine transporter imaging, and possibly 123I-metaiodobenzylguanidine (MIBG) cardiac scans (which indicates post-ganglionic cardiac sympathetic denervation) 66 can be used to assist in distinguishing these primary Lewy body dementias from AD.
CLINICAL TRIALS IN PDD AND DLB

Cholinesterase Inhibitors and Cholinergic Agents
One of the important consequences of defining DLB was the development of clinical trials. Initial case series were encouraging with the cholinesterase inhibitors donepezil, [67] [68] [69] [70] [71] rivastigmine, [72] [73] [74] and galantamine. 75, 76 A Cochrane Review identified one placebo controlled trial showing modest efficacy. 43, 77 Subgroups of patients may be more likely to benefit from therapy. 78, 79 Until recently, most published trials in Parkinson's disease with dementia have been open label, 80, 81 except small studies of donepezil. [82] [83] [84] Withdrawal of medication led to deterioration in a series of patients with PDD and DLB treated with donepezil. 85 A recent study suggested that the response of DLB and PDD to donepezil was similar. 86 Rivastigmine was associated with marked deterioration in a case study, 87 but this might be a class effect, not restricted to a specific agent. 88 A large placebocontrolled study of rivastigmine was recently reported with positive results, consistent with smaller open label studies. 34, 89, 90 Hallucinations may be prone to improvement. 91, 92 Attention was particularly improved in a secondary analysis from the large placebo controlled of rivastigmine. 93 Improvement of dementia in PDD with rivastigmine appears to be sustained in patients who were able to tolerate an open-label extension. 94 One open label study of galantamine in PDD has been reported. 95 While cholinesterase inhibitors remain promising, confirmatory studies, and trials of different medications, which may differ in their efficacy in DLB and PDD will be needed, as suggested in a recent systematic review. 96 Cholinergic agonists may also hold promise, but little data is available.
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Anti-psychotic Agents
A clinical feature highlighting the distinction between DLB and other dementias is marked sensitivity to typical antipsychotic medications. 97 This has led to important practice changes, including the avoidance of typical anti-psychotics in these patients. Psychotic symptoms are also associated with poor outcomes in PD. Clozapine, an atypical antipsychotic drug, has been evaluated in Parkinson's disease in placebo-controlled trials, with two trials of PD, whose spectrum includes mildly impaired PDD patients, suggesting efficacy. [98] [99] [100] [101] Olanzapine has been shown to worsen motor function in placebo-controlled studies, including one comparing olanzapine to clozapine. 102, 103 Recent studies have compared anti-psychotic agents, providing a plausible model for studies in the frail population of patients with psychosis. 104, 105 Atypical neuroleptics may increase cardiovascular risk and events as well as mortality. 106, 107 These concerns need to be considered in off-label use and in devising future clinical trials. In trials, risk factors and vascular events need to be specifically addressed in informed consent and carefully monitored.
Agents such as quetiapine [108] [109] [110] aripiprazole 111 and ziprasidone, have generally been studied in open label series or case reports to date. Experience with olanzapine, where open label studies were encouraging, but placebo-controlled studies showed side-effects, highlight the importance of controlled trials. A small placebo-controlled trial of quetiapine indicated that the drug did not worsen parkinsonism, but was ineffective. 112 Given the frailty of patients with psychosis, it may be difficult to contemplate withholding treatment; however, given that usual care may be as effective as medication, placebo-controlled studies are still warranted. The response of patients with DLB may or may not differ from PDD.
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Dopaminergic Medications
Since motor impairment is significant in patients with PDD and in some patients with DLB, studies targeting its treatment are relevant. One study has shown that patients with PDD and DLB respond to dopaminergic therapy to a lesser degree than patients without dementia. 114 A lower percentage of DLB patients compared to PDD patients responded to levodopa in another recent study. 115 Studies examining treatment of motor problems in advanced PD should include cognitive outcome measures.
Other Symptomatic Approaches
Noradrenergic or serotonergic systems may be involved in DLB and PDD and offer potential therapeutic approaches. Antiglutaminergic medications merit consideration in light of studies that suggest that such drugs may confer cognitive benefit in Alzheimer disease, 116, 117 given that they might improve motor function of PD, and have the potential for neuroprotection. Recent open-label reports of memantine in DLB have had mixed results including case reports of exacerbation of symptoms 118 and a case-series showing that the memantine can be tolerated. 119 
Disease Modifying Therapies
Disease modifying therapies, which are under active investigation in PD 120 and AD 121 may be applicable to DLB and PDD. While distinct animal models for DLB and PDD that can be used to understand their pathophysiology and develop new therapies are not as advanced as in PD and AD they are likely be developed. Clearly future trials in Lewy-body related dementias will have to consider agents with disease modifying potential, which will necessitate specific design considerations 122 While many of the outcome measures may be similar to those of studies of symptomatic benefit, randomized start or randomized withdrawal designs, where patients are initiated or discontinued from medication in a blinded fashion, are approaches to deal with the potential for symptomatic benefit. A recent randomized start design suggested disease modifying benefits of rasagaline in PD. 123 Longer studies are likely to be necessary, given the slowly progressive nature of neurodegeneration. Moreover, in the long term, outcomes such as survival with good function, and quality of life will be paramount.
CHOICE OF OUTCOME MEASURES
While outcome measures chosen for clinical trials are based on the signs and symptoms that are being targeted by the intervention, it is clear that PDD and DLB are multi-dimensional disorders and clinical trials will generally include cognitive, behavioral, functional and other measures. To date no surrogate measure is relevant. In addition to the specific instruments chosen, the disease stage of the patients is also an important factor because both contribute to the possibility of ceiling effect, where patients score so well on a test and have minimal room for improvement, and floor effect where patients score so poorly that they may not be able to decline. Recent large placeo-controlled trials of rivastigmine in DLB 43 and PDD 34 provide some guidance for mild to moderate stage patients (MMSE scores of 10 or higher; maximum score of 24 in the PDD study) and give some idea of the treatment effects that can be observed with various measures. Cohen's effect sizes (d) is the difference in means of two groups divided by their standard deviation: d of 0.2 is small; 0.5 is medium; 0.8 is large. In DLB data are available for the MMSE, with an estimated d of 0.37, and the NPI-10 item, with d of 0.26. 43 By comparison in the PDD study, d for the MMSE was 0.26, and for the NPI-10 was 0.17. 34 In the latter trial, other measures had similarly small effect sizes: Alzheimer's disease assessment scale -cognitive (ADAS-cog), 0.28; Clinical global impression of change (CGIC), 0.34; Alzheimer's disease cooperative studies unit ADL (ADCS-ADL), 0.14; DKEFS, 0.30; clock drawing, 0.29; reaction time, 0.17. Fluctuation in level of arousal, characteristic of DLB and PDD, makes it difficult to assess true effects and may contribute to variability in test performance, thereby reducing apparent treatment effects. (Table 3) Non-randomized and open label studies only provide a basis for planning randomized trials and cannot form the basis for treatment choices. The gold standard of clinical trials remains the parallel-group randomized double blind placebo-controlled design. If there are no accepted treatments it remains ethical to consider a placebo arm. Given the potential to worsen patients, stopping rules, which incorporate assessment of futility of continuing a trial, and careful safety monitoring should be built into clinical trials. When treatments are available, comparison studies with the goal of assessing equivalency, inferiority or superiority can be considered. Generally these studies require larger sample sizes than placebo-controlled studies. Fluctuating or transitory symptoms make cross-over studies (where patients act as their on controls) difficult to interpret in general. A major challenge in all dementia studies is to obtain a representative sample of subjects. These concerns are highlighted by data that patients with Alzheimer disease in clinical trials are not representative of the overall patient population and that studies of Parkinson's disease have excluded elderly subjects. 124, 125 Nevertheless, subgroups of patients might be targeted for intervention. For example, executive dysfunction, attention impairment and fluctuations, depression, apathy, and psychosis are specific disturbing symptoms that might be specifically studied. A global assessment of change should be included as an outcome measure. For the present PDD and DLB should be considered distinct entities. In the future, clinical trials aimed at common problems might include patients with both PDD and DLB, but if that is done, pre-planned stratification would have to be done from the start to allow assessment of potential differential treatment response. Ethical concerns are paramount in all clinical research. Patients with DLB and PDD may have difficulty with comprehending treatment options, highlighting the importance of establishing surrogate decision makers early in the course of disease and taking extreme care in obtaining informed consent. 126 
CLINICAL TRIAL DESIGN CONSIDERATIONS
CONCLUSIONS AND RECOMMENDATIONS
Clinical trials for PDD and DLB are in their early stages compared to studies in AD and those for the motor aspects of PD.
In part this is related to barriers that can be overcome with additional research (Table 4) . Defining these entities and their natural history remain important ongoing issues. Natural history studies would ideally be population based and with autopsy confirmation. Separating patients with coexistent AD may be important for future trials, and may be possible using biomarkers. Cognitive outcome measures designed for AD may not be ideal for PDD and DLB in that they emphasize memory and not frontal/executive measures. Measures which are valid in the setting of PDD/DLB need to be developed. Non-cognitive measures are also important targets. Biomarkers in PDD and DLB are critically needed, both to monitor change in clinical trials and to exclude coexistent pathologies. Clearly motor function and its progression must be taken into account in these disorders. Conversely, studies in advanced Parkinson's disease that target motor symptoms should also assess cognitive function.
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